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Objective 



U S DEPiKTHENI OE HEilTH EDUCATION & WELFARE 
OFFICE OF EDUCATION 



To denonstrate how magnets and magnetism wrk* 
Material a 

Item No . Quantity Description 



TniS DOCUMENT HAS BEEN REPRODUCED EXACTLY AS RECEIVED FROM THE 
PERSON OR ORGANIZATION ORIGINATING IT JOINTS OF VIEW OR OPINIONS 
STATED DO NOT NECESSARILY REPRESENT OFFICIAL OFFICE OF EDUCATION 
POSITION OR POLICY 



1 

2 

3 

4 

5 

6 

7 

3 

9 

10 

11 

12 

13 



1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

5 

1 



Magnet assortment 
Iron Filings 

Shelf, steel (4" x 6") 

Shelf, masonite (4" x 6") 

Shelf, aluminum (4" x 6") 

Shelf, plexiglass (4" x 6") 

Compass 

Electric Magnet 
Materials assortment 
13-inch String 
Pegboard Hooks 
Paper Clips 
Thread 



Suggestions ^ ^he Instructor 



1. Follow the procedure in the STUCENT*S MANUAL, starting at the Stop- 
by-Step Procedure section. 

2. Encourage student comment and discussion during the demonstration. 

Also have one or two students at a time come up to the demonstration 
table to perform or to repeat Steps in the procedure. 

3. The teacher and students may find it very helpful to study the Fi,gure^ 
on the printed overlay. These should give some idea of how to sot up 
the materials as well as serve to stimulate questions and discussion. 



r- 



O 

o 



4. The teacher, in order t initiate and encourage discussion, may wish 
to ask questions and make comments about the Figures on the printed 
overlay and the Steps being demonstrated in the procedure. 



o 

ERJC 



TLl-1 



a. Before doing » Materials attracted by magnets , see if the students 
already know or can guess which ma aerials in the assortment w i ll 
be attracted by magnets. 

b# As you proce^jd with. Conductors of magnetism, let tlie students 
speculate an to «diat the outcome will be in each case. 

c. See how much the students already know about magnetic lines of 
force, the Law of the Poles, and how to detennine where uuC 
poles of a magnet are. 

d. See to what extent the students are aware of the use of magnets 
in their environment, such as door bells, telephone, compasses, 
loudspeaker, radios, and dectiical measuring instiuments. 

5. If there is time in the class period, the students may wish to tiy 
other experiences connected with certain of the Steps in the procedure. 

a. Materials attracted by magnets: 

the students may wish to tiy out other materials they find in 

the classroom. 

b. Conductors of magnetism: 

the students may wish to try out other materials, such as a 
sheet of paper, a piece of stiff cardboard, something made of 
glass, and objects of their own choice. 

c. The students may wish to try out all the magnets in the kit 

for lines of force, the Law of the Poles, and locating the poles. 

6. In the Step-by-Step Procedure, the terms iroji and steel are used inter- 
changeably. Ihe amount of iron or steel in an object varies. Often 
the netal is an alloy of one or the other of these two. The important 
thing for the student to know is that the objects attracted by a magnet 
have some iron or steel in them. Some objects that xook like iron or 
steel have no iron or steel in them at all. Students may discover this 
when trying to pick up with a magnet, objects such as pins, needles, 
and nails. 

7. The following principles have been daionstrated by this exercise: 

a. Non-metallic materials are not attracted ty magnets. 

b. Not all metallic materials are attracted ty magnets. 
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c. Most materials! such as aluminum, plesciglass, and masonite, are 
good conductors of magnetism, but iron and sted. are not good 
conductors. 

d. Ihe ends exert the strongest force of any part of a U-shaped 
magnet. 

e. Ihe lines of force in a magnetic field are strongest at the poles 
and radiate out from them. 

f. Any material that is aagnetized and can be suspended so it can 
suing freely uill act like a compass needle. 

g. The Law of the Poles states that like poles repel and unlike poles 
attract each other. 

h. All magnets have both N and S poles, rK> matter what their shape. 

8. It is recommended that the teacher show the students how to get the iron 
filings back into the container after step. Magnetic Lines of Force . 

This is done by lifting the paper off the magnet and gently bending the 
paper to fora a chute or funnel. 

9. Answers to the blanks loft in the stated piinciples in STUDENT* S MANUAL: 



su-l 


NOT 


SU-2 


ATTRACTED 


SU-3 


STEEL 


saa-3 


STRONGEST 


SU-4 


CONCENTRATED 


SU-5 


NORTH-SOUTH 


saa.-6 


ATTRACT 


SU-6 


NORTH AND SOUIH 



10. Answers to Questions in STODBNT»S MANUAL: 

1. Non-raetallic 

2. metallic 

3. metallic 

4. conductors 

5. poor or not good 

6. ends 

7. field 
3. compass 

9. Law of the Poles 

10. poles 

11. N and S or north and south 

12. poles 
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MAGMETI31 



^asss 

Ihis exercise idll help you understand how magnets and magnetiaa loxk. 
Kateiials 

Item Ro, Quantity PescrlDtion 



!• Spread out the objects in the assortment of materials on a table or 
desk top. This assortment contains objects made of plastic » paper, 
metal, w>od, and rubber. 

2. Select three or four magnets from the assortment of magnets. 

3. Sepaxate the objects In the nateila}.s assortment into two groups. Put the 
non-metallic objects in one group and the metallic materials in another. 

4. Place each of the magnets near each of the objects in the non-metallio 
group. Obserye that none of these objects is attracted tgr any of the 
magnets. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 



1 Hagnet assortment 

1 Iron filings 

1 Shelf, sted (4" x 6«) 

1 Shelf, masonite (4* x 6**) 

1 Shelf, aluminum (4* x 6”) 

1 Shelf, plexiglass (4« x 6") 

1 Ck>mpass 

1 Slectrlc Magnet 

1 Materials Assortment 

1 18*lnck String 

2 Pegboard Hooks 

5 Paper Clips 

1 Thread 



StOP- tg% gteP Procedure 



Materials attracted by magnets 




ABB 



THIS SHOMS THAT MATERIALS 

ABB ATTRACTED HT MAC3IBTS. 



i 

* I 

5« Place each of the magnets near each of the objects in the metallic 
group. Observe that some metallic objects are attracted by all 
magnets and that others are not, 

THIS SHO^ THAT SOME HETALUC KATBKCALS ABB 
Bf MAMIETS AND IHAT OTHERS ACB HOT. 



Conductors of magnetism 

6, Insert the tec pegboard mounting hooks in the center of the pegboard 
with three holes between them, 

7« Bend the hooks down so that the shelves when placed on them will be level. 

8c Place the 4" x 6” plexiglass shelf on the pegboard hooks, 

9. From the group of metallic objects attracted bgr a magnet, 
choose one or two and place them on the shelf, 

10, From the magnet assortment choose one of the strongesto 

11, Hold the magnet against the under side of the plexiglass 
shelf directly underneath the object. 

12. Move the magnet around under the object while holding the shelf in place 
with your other hand., observing what happens to the object as you do so. 
Notice the object tries to follow the magnet by sliding or rolling. 

13 . ^bstitute the other three shelves (steel, masonite, and aluminuip) 

for the plexiglass one, repeating what 3 Tou did on the plexiglass shelf, 
with the same objects (Steps 9 '10-11-12). You might also tiy using 
two or three shelves of different materials at the same time. Observe 
what happens in each case. Record your observation on the chart. 



Shelf 

Material 


Conduct 


Non 

Conduct 


Shelf 

Material 


Conduct 


Non 

Conduct 
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14 . Notice the foUovlng: 

a« With the masonite and aluminum shelves, the result is the 
same as with the i^eadglass shelf. These materials are 
called conductors of magnetism because they allow the foroe 
of a magnet to pass through thoa. 
b. VQ.th the steel shelf, observe that nkien the magnet is moved 
around under the object, the object does not move at all. 
Steel is not a good conductor of magnetism because it will 
not allow the force of a magnet to pass through it easilyr 



1 HIS SHOW THiT THE FORCE OF MiCHiETXai GOBS 
THBCKKM SaCH MITEREALS AS ALOMINaM, PLEXIGLASS, 
AND HASONITE, HIT DOBS NOT EASILT PASS THROOOH 
OBJECTS HADE OF . 



The magnetic lines o£ foroe 

15, For this step 3rou will need a meta]. disc from the matexials assortment 
and the small U-shaped magnet. Place the disc on the table. 



16. 



Hold the magnet over the disc, with the ends down as 



in the diagram. As you lower the magnet toward the disc 
you will find that the disc is attzacted to the end of 
the magnet— the disc will jump up off the table tight 
against the end of the magnet. 




17. Vh.th the disc in the same position as in Step 14 , 
hold the magnet with the bent side down and lower 
it toward the disc. Observe that the disc does not 
stick to the magnet ^en held in this position. There 
may be a small amount of attzaction, but it is vezy 
slight in comparison to the amount of magnetism at the two ends. 




WEN USENO A U-SHAIBD MAGNET, THIS THAT 
THE ENDS OF THE MAGNET EXERT THE - 

MAGNETIC FORCE, THIS ALSO SHOWS THAT THE 
MACHlEnC FORCE IS VERI VEAK AT THE BEND, 
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Id* Cteose a aagnat and piLaoe it under a (iLain 
pLeoe of paper* 

19* Rmore the cap fron the piLastio container 
of iron filinge and poor eone into your 
hand* 

20* Sprinkle the iron filings on the paper over 
the nagnets* as you would salt food* Do not 
sprinkle too heavily* Notioe that the filings 
foxn patterns over the magnet* 




21* Repeat the above step with a differently shaped magnet and 
notioe the different pattern* 

22* Repeat the step idth a third type of magnet and again notioe 
the different pattern* 

23* Repeat step with the first magnet but lay it on its side or 
in a different position and notioe the change in the pattern* 

24* In the case of bar magnets* notice the filings go out from 
the ends like spokes of a wheel* Between the endSt the lines 
are more curved when the filings fall further fron the area 
directly between the ends of the magnet* 



IHIS SHOWS mT THE UNES OF FORCE IN A 
HAQNETIC FIELD ARE ___ AT THE POLES 
OF A MAGNET AND RADIATB OUT FBCM THEM* 



Law o£ Poles 

25* Tie a pieee of fine thread (about 10 inches) around the middle of each 
of the bar magnets* Also tie some thread to each of the magnets with 
a hole* Make a loop in the other end of the string* 

26* With your compass determine where north and south are* Be sure the 
compass 5 s far enough aiay from any magnets so that the compass 
needle will not be attracted by them* 




SGLl-4 



27 . 



Satp<ind each of the magnets 
prepared in Step 24 from one of 
the pegboard hooks, one at a time* 
With a penoll, label the ends of 
the surfiees of the magnets that 
point or faoe north and south* 

Use an H for the north end, and 
an S for the south end* The ends 
of a magnet are referred to as 
poles* 




NOTSt From here on, the north end will be referred to 
as the N pole and the south end as the S pole* 



THIS SHOWS THAT'^ ANT MATSRCAL THAT IS MAONETIZSO 
AND CAN BB SUSPE»DB0 SO THAT XT SWINGS FREELf 
WILL ACT LIKE A CCMPASS NEEDLE Sf COMING TO 
REST IN A POSITION. 

28* Leave one of the bar magnets used in Step 16 on the pegboaxd 
hook* 

29* Approaoh the N pole of the suspended magnet nith the S pole 
of each of the other aagnets used in Step 26* Observe that 
the poles attract each other* 

30* Next, approaoh the N pole of the suspended magnet with the N pole of 
each of the magnets used in Step 25* Observe that the poles repel 
each other* 

31* Approaoh the S pole of the suspended magnet with the S pole of eaoh 
of the other magnets* Observe that the poles repel eaoh other* 

32* Next, approaoh the S pole of the suspended magnet with the N pole of 
eaoh of the other magnets* Observe that the poles attract each other* 
What you have observed in Steps 28*29*30*31 i? know as the oj^ 
Poles * 
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IHIS SHOUS THAT LIKB POLES 

REPEL AND UNLIKE POI^IS 

EACH OTHER. 

Locating the poles a magnet 

33. Select ^t seems to be the strongest bar magnet from the assortment. 

Hake sure the ends have bem marked to show the N and S poles. 

(Step 26.) 

34. Select several unlabeled magnets of different shapes. 

35. Bind the poles of one of the unlabeled magnets by 
bringing the marked magnet near Its ends and sides. 

Observe that ^ou cannot guess the location of the 
poles just from looking at the shape of the magnet. 

36. Re{>eat Step 34 with the other magnets selected In 
Step 33. You will discover that in some magnets, the 
poles are the broad flat surfaces. Observe also that 
poles are not always located at the ends in some bar 
magnets. 

THIS ISHOWS THAT ALL MAGNETS 

HAVE BOTH 

POLES NO MATTER WAT THEIR 
SHAPE. 
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QDESTrOKS 



I. objects are not attracted ty nagnets. 

Zm Only objects are attracted by nagnets. 

3* Not all objects are attracted by nagnets. 

4. Most materials, such as aluntinum, plexiglass, and masonite, are 
good ^ magnetiSBi. 

5* Iron and steel are conductors of magnetienn. 

6. Hie ___ of a U-shaped magnet exert more magnetic force 
than the bend. 

?• The lines of force in a magnetic . are aluays the same 

shape. 

8. Magnetized materials tiien suspended so they sidng freely mill act 
like a . 

9* The states that like poles repel 

and unlike poles attract. 

10. All magnets have two . 

II. All magnets have both ___ and polos. 

12. The shape of a magnet does not determine the position of the . 
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MAKING MAGHETS 



Obiet:^''^/e 

To demonstrate how to make two kinds of magnets. 



Materials 

Item No . 

1 

2 

3 

4 

5 

6 

7 



Quantity 

1 

1 

1 

1 

1 

1 

10 



Description 



Source 



Magnet assox*tment 
Iron Pilings 
Compass 

Electric Magnet and Bar 
Spool of copper ^^re 
Coil of Insulated VHre 
Paper Clips 



Magnetism Kit 
Magnetism Kit 
Magnetism Kit 
Magnetism Kit 
Magnetism Kit 
Magnetism Kit 
Magnetism Kit 



Suggestions to the Instructor 

1. This is an optional exercise that may be performed if the students 
show an interest and the time is available. 

2. Follow the procedure in the STUDENT'S MANUAL, starting at the Step- 
by-St ep Procedure section. 

3. Ito make sure the procedure is being understood, have one or two students 
at a time come up to the demonstration table to perform or repeat 
Steps in the procedure. 

4. Tb create and maintain student interest, encourage their comments 
and discussion during the demonstration. 

5. The teacher, in order to encourage discussion, may wish to ask questions 
and make comments about aspects of the Steps in the procedure. 

a. Relate this exercise to the one before, BJxercise 11. See 
if the students are able to anticipate what will happen 
in Step 1 of the Step-by-Step Procedure. If they know 
what , see if they know why . 
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bs Relate this exeircise to lai^e and povex*ful magnets used in 
loading and unloading materials made of steel onto trucks* 
trains and ships. It is possible some students have observed 
these at aork and will want to tell of their ejcpeiiences. 

6. As with Exercise 11, the teims iron and steel are used interchangeably 
in this exercise. 

7. A new paper clip will have to be used each time Step 1 is perfomed. 

8. If there is time in the class period, the students may be permitted to 
do additional experiments suggested in Steps 22-23, or any others the 
teacher and students might think interesting and wcrthwhile. 

9. The following principles have been demonstrated by this exercise: 

a. V/hen an iron (or steel) object is rubbed by a magnet, a change 
takes place, making it a magnet. 

b. An electromagnet is made by wrapping a piece of iron (or 
steel) many times with an insulated wire. 

c. The metal in an electromagnet is magnetized only as long as 
electric current flows through the wire around the metal. 

d. The way the wire of an electromagnet is connected to the 
terminals of a battery and the way the wire is wrapped around 
the center, determines the poles of the magnet. 

10. Answers to the blanks in the stated principles of the STUDENT *S MANUAL: 

S12-2 M AGNET 
S02-2 CURRENT 
S32-3 MAGNETIZED 
SL2-4 CENTER 

11. Answers to Questions in the Student's Exercise; 

1. magnet 

2. steel or iron 

3. electric current 

4. poles 

5. direction 
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HkKTHG MA(aiETS 



Biipose 

This exercise show you how to make a magnet and an ^ectromagnet* 
Materials 



Item No. 


Quantity 


Descriotion 


Source 


1 


1 




Magnet Assortment 


Magnetism Kit 


2 


1 




Iron Pilings 


Magnetism Kit 


3 


1 




Compass 


Magnetism Kit 


4 


1 




dectric Magnet and Bar 


Magnetism Kit 


5 


1 




Spool of Copper VfiLre 


Magnetism Kit 


6 


1 




Coil of Insulated Vire 


Magnetism Kit 


7 


10 




Paper Clips 


Magnetism Kit 






Steo-bv-Steo Procedure 





Making a magnet 

!• Straighten out a paper clip. 

2. Sprinkle some iron filings on a plain piece of paper. 

3. Lay each end of the paper dip lAre in the iron filings. Observe 
that when the wire is lifted from the paper» the iron filings are 
not attracted to the wire at either end. 

4. Sdect one of the largest and strongest magnets from the magnet 
assortment. Hold the paper clip wire in one hand. Take the magnet 
in the other hand and stroke one end of the wire with the magnet. 

Be sure to stroke the entire loigth of the wire, raising the magnet 
when you get to the end and starting back at the other end for the 
next stroke. Repeat this about 70 or 30 times, making sure to stroke 
only in one direction and with only one end of the magnet. 

5. Hold one end of the wire near the compass needle. Notice that it 
either repels or attracts the needle, proving that the wire has 
become a magnet with poles at the ends. 



6. Repeat Step 3i observing the change in the wire. If you did St^ 4 
properly, 3 T 0 U will notice that the wire at the ends attracts quite a 
number of iron filings. You have turned a piece of wire into a magnet. 

THIS SHOWS IHAT WM AN IRON (OR STESL) 

OBJECT IS HJBEBD Bf A MAGNET, A CHANCS: 

TAKES PLACE, MAKING IT A 

Making an electromagnet 

7. Remove everything that is on the U-shaped piece of metal except the 
spool with the wire wrapped around it. 

8. Replace one nut on the side of the U-shaped piece of metal 
with the spool on it. 

9. Sprinkle about half the iron filings from the plastic 
container onto a piece of paper. 

10. Place each end of the U in the iron filings. Observe that 
the f ili ngs are not attracted by the U. 

11. Attach each of the two ends of the wire coiled on the spool to the 
terminals or poles of the battery. 



NOTE: Be sure to scrape the brown coating off the ends 

of the wire so that a good contact is made with 
the battery terminals. 



12. Place the ends of the U in the iron filings. Observe that the 
poles now attract the iron filings. 

THIS SHOWS THAT A PIECE OF IRON (OR STEEL) 
BECCMBS A MAGNET WHEN AN INSULA1ED WEBE (WHICH 

IS CONNECTED TO A SOURCE OF ) IS 

WRAPPED AROUND IT MANY TIMES, 
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Obsexve that the coil of wire becomes very vara. ^ sure not ^o leave 
the tdres connected to the battery for veiv long, as they will 
become very hot . 

13. Repeat Steps 11 and 12. Holding the magnet over a piece of paper, 
remove one of the wires from the batteiy. Observe the 0 is no 
longer a magnet and that the iron filings fall from the 0. 

THIS SHOWS THiT AN 6I£CTIOUaNET>S MBTiL CORE IS 

ONLT SO LONG AS EIBCTHIC 

C0NBENT HJNS THRO0CH THE WEBBS ABO0ND THE METAL. 



14. Again attach the wire, disconnected in Step 13, to the battexy teiminal. 



15. 



Determine which pole of the nppiet is N and 
placing the compass directly off the end of 

nftl Afl f.hA n_ 




which is S by 
one of the 



16. Move the compass to the other pole of the 0 and you will 
see that the opposite pole of the compass is attzacted. 

17. Leaving the compass in the same position, disconnect the 
wires to the batteiy and change than to the opposite 
terndmls of the battery. 



NOTE: Ihe wire that on the positive (+) tenoinaX 

should now be on the negative (-) terminal and 
the negative wire should now be positive, 

18, The opposite neecile of the compass is now attracted, 

19* Repeat Steps 15 and 16, and you will notice that the result 
is the same evezy time, 

20, Remove the nut from the U and turn the coil end for end, 

21, Repeat Steps 15 and 16, turning the coil end for end each time instead 
of reversing the wires. 

Notice that the opposite pole is attracted each time the coil is 
turned around. 



THIS SHOWS THiT THE POLES OF M EIECTBOMiGNET 
ARB DETERMINED Bf THE DIRECTION IN VfilCH THE 
CURRENT RTOWS AROUND THE . 



NOTE: Direct current always flows from the negative 
tezminal to the positive teminal. 



Additional experiences 

22, You may wish to try to magnetize objects other than the paper clip wire, 
as in Steps 1 through 6, The following are some common objects 3 T 0 U might 
try. You may wish to try other objects of your own selection, 

a. Nail 

b. Needle 

c. Pin 

d. Pegboard Hook 

e. Wire 

f. lead Weight 
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23« Ifoa nay wish to txy making aleetronagnets from objects other 
than the U. Loop insulated wire many times around metal 
objects of different shapes, as you did in the Making ap 
electromagnet section of the Step-ty-Step Procedure, to see 
if they become eUectromagnets. The following are some 
objects you migh^> vlsh to txy. 7ou may think of other objects* 

a. Nail 

b. Bblt 

c. Metal Ear (In Ma totals' Kit) 

d. Pegboard Hook 

e. Pencil 

f. Screwdrlyer 

caOESlIONS 

1. Vftien a steel object is rubbed by a magnet, a change takes place in 

the object, making it a . 

2. An electromagnet nay be made by wrapping a piece of many times 

with insulated wire and hooking up the wire ends to an eleotilc current. 

3* The metal in an electromagnet is magnetized only so long as 
flows through the wire coiled around the metal. 

4. The way the wire of an electromagnet is connected to the teininals 
of a watteiy detenoines the _____ of the magnet* 

5. The poles of an electromagnet can be changed by changing the 
the current flows around the center. 
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sams CIRCUIT 



Objective 

To danonstrate how a sim^e electric circuit wozics. 



Materials 

1. Kit Materials 



Item No , Quantity 



1 

2 

3 

4 



1 

2 

5 

1 



5 1 



Description 

Vlred ^ectilc panel (See NOTE below.) 
Transformer Hoolcup Wires 
(G3), 10-12 volt bulb 
110/10 V Transformer with extension 
cord attached 
Screwdriver 



NOTE; The wired electric panel consists of the folloidng: 



Quantity Description 



1 Printed overlay 

1 Mounting Ebard 

2 Switches - Single Pole, Single Throw 

(S.P.S.T.) 

1 Switch - Single Pole, Double Throw 

(S.P.D.T.) 

4 Sockets 

1 Rheostat 

1 Bracket for Rheostat 

2 Clips, Fahnestock 
15 feet Hookup V8.re 

18 Screws and Nuts for Mounting Fixtures 



Suggestions to the Instructor 

1. Follow the procedure in the STUDENT'S MANUAL starting at the Step-by- 
Step Procedure section. 

2. As an introduction, the following safety precautions in the handling 
of electricity and electrical appliances should be emphasized: 



a. The transformer should not be plugged into the 110 volt 
outlet until all connections are made on the board. 

b. Do not touch the bare ends of wire together when they are 
connected to a power source. 

c. Make sure hands are dry when working with electrical circuits. 

d. Because of the low voltage that is used in the electrical circuit 
board there is no danger of shock, but the proper handling of all 
electrical circuits regardless of voltage is the prime emphasis. 

3. Some students will probably notice that the wires on the back of the 
board do not follow the printed outlines on the overlay; however, it 
should be pointed out that they are d.ectitcally equivalent and if any 
student wishes to trace the circuits on the back and explain how the 
various parts are interconnected it would be a good learning e^erience. 

4. The transfonner and the rheostat may require an explanation as to their 
function: 

a. A transformer is a device for either raising or lowering the 
voltage of alternating current. It will work only on alternating 
current. In these experiments it is used for lowering the common 
household voltage of 110 volts to 10 volts (UO/lOv.). Sxamples 
of M*e ase of transformers i ‘•'.e home are in electric train 
transformers, door bell transformers, and transformers in 
television sets. 

b. The rheostat is a device for increasing the resistance in an 
electric circuit. Diagrams have- been included in the STUDENT* S 
MANUMi to help them understand how the rheostat works, 

5. Discussion may be encouraged by making comments and asking questions about 
simple circuits that the students may know about, such as door bells, 
electric irons, slot cars, dLoctric lamps, and simple light circuit 
switches, 

6. Participation of students is encouraged at all times, and they should be 
asked to come to the demonstration table in pairs and trace the circuits 
with a pointer or their fingers, Ihe starting and ending points should 
be the power supply. 
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7. 



8 . 



An eocpOLanation may be necessary as to ^4iat the loop means Uiere tw wires 



cross. 



Wires are not connected at this point. 



When the action of the rheostat is being demonstrated, students may be 
asked to name some uses of this device, such as controlling loudness on 



television sets, controlling speed on slot cars, and controlling volume 



on radios. Bheostats were formerly used to dim the lights in theaters, 
but this function is now done by variable transformers. This is a regular 
transformer with a control similar to a rheostat that contacts various 
windings in the secondary to give absolute control of voltage. Students 
may also mention that dimmers or rheostats are used in homes to dim the 
lights in dining or living rooms, but this is being done more and more 
a solid state or transistorized device. 



9. If there is time in the class period, t'r.e students may be permitted to 
do the additional experiences in Steps 35 and 3^. 

10. The fonowing principles are demonstrated by the procedures of Exercise 11; 

a. A circuit is a path over which rlectric current travels between 
the power source and the power consumer. 

b. A switch is a simple device for conveniently completing or 
breaking an electric circuit. 

c. A rheostat is a device for increasing resistance in electric circuit 

11. Answers to blanks in the stated principles of the STOEENT’S MANOAL: 

Sa.3-3 CI RCUIT 
Sa.3-4 SWITCH 
S13-5 RHEOSTAT 



12. Answers tC/ Questions in the Student *s Exercise; 

1. wire 

2. circuit 

3. socket 

4. transformer 

5. power source or power supply 

6. switch 

7. single pole, single throw 

8. single pole, double throw 

9. breaking or stopping 

10. rheostat 

U. resistance 

12. reduce or cut or diminish or lessen 
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SEMPLE CIRCUITS 



Paroose 

This exercise will show how a simple circuit orks. 



Materials 

1. Kit Materials 

Itaa No . Quantity 

1 1 



2 

3 

4 



2 

5 

1 



5 1 

6 10 feet 



DesoriPtion 

Wired Electric Panel 

(See NOTE below this list*) 
Transfoimer Hookup Vires 
jfr428 (GS) 10-12 volt bulbs 
UO/lO V Transfoimer with extension 
cold attached 
Screwdriver 
Hookup Wire 



NOTE: The wired electric panel consists of the following: 



Quantity Description 



1 Printed overlay 

1 Mounting Board 

2 Switches— Single Pole, Single Throw 

(S.P.S.T.) 

1 Switch —Single Pole, Double Throw 

(S.P.D.T.) 

4 Sockets 

1 Rheostat 

1 Bracket for Rheostat 

2 Clips, Fahnestock 
15 feet Hookup Wire 

18 Screws and Nuts for Mounting Fixtures 



SteD- by- SteD Procedure 



Preparing materials and setting up the board 

1, Prepare the two transfomer hookup wires by retcoving about 3A 
inch insulation from both ends of each wire, 

2. From each 5*^oot coil of hookup wire cut two 18-inch pieces* 

“Hie piece that is left over should be cut into two equal lengths 
(about 10 or 12 inches)* 

3* Remove about 3A inch insulation from both ends of each of the 
eight pieces of wire* 

4* Open all switches (A, C and H))* 

5. Place a 1428 (GS), 10-12 volt bulb in each of the light sockets 
(B, D, G and the unmarked light). 



NOTE: In the following steps, when connecting wires to 

terminals always wrap the wire around the screw 
in the direction in which the screw is tightened* 




Vib riding with simple circuits 

6, Using two of the 13-inch wires, connect the two brass 
colored tezminals of the unmariced light to the two 
teiminals of the tzansformer* 

7* Plug the extension cord of the transfoimer into a 110 
volt AC (Alternating Currant) power outlet* Observe 
that the bulb bums* 

8* Trace the circuit with your finger from the power source 
(left or right tiansfoimer teiminal) to the bilb, and back 
to the transformer (the other transformer terminal)* 
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THIS ffiOWS THAT A IS A PATH 

OVER WICH EI£CTBIC CORBENT TRAVELS EBTMBEK 
THE FOVGR SOURCE AND THE FO%R CONSOMBR. 

9* Unscrew the bulb and observe vhat happens. Notice that 
now the bulb does not bum. When the bolb is unscrewed, 
the electric cuirent is stopped at that point. The bulb 
bums only vhen the current flows through it. 

10. Disconnect the two wires from the terminals of the 
unnaiked light and unplug the txansXbxmer. 

11. DLsoonneot the wires to light 0 and sidtoh C« Send the wires 
out so that they are no longer in oontact with the temlnals. 



NOTE: From here on, whenever you are asked to dis- 
connect wires on the preidred panel, always bend 
the wire (or wires) out to the side in such a way 
that you can easily reconnect them later to the 
same terminals After completing the exercise, 
be sure to reconnect all lires. 



12. Connect the wire from the left txansfoxmer terminal to the left 
terminal of light 0. 

13* Use one of the 12-inch wires to connect the right terminal of 
light D and the bottom terminal of switch C. 

14. Connect the other transformer terminal wire to the top terminal 
of switch C. 

15. Plug in the transformer. Note that the bulb does not bum. 
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I6. Close s^teh C. Notice that now the bolb bums. Closing the 
sidteh completed the electxic dreuit allowLng the current to 
flow fzom one power texnlnal to the other. 

17* Open switch C. Note that the light does not bum. The circuit 
Is broken tor opening the switch. 

18. Close switch C again. 

19. Unscrew the bulb In light 0. Note that the bulb does 
not bum. Observe that just as an open switch breaks 
tr?e flow of cu.rrentf an unscrewed bulb does the same 
thing. You see that It Is easier and takes less time 
to break the circuit by using the switch. 

HUS ILLUSTRITES THAT A ____ IS A 
SD(PI£ DEVICE FOR CC^IVENIENILY COMPIETINa 
OR 3IEAKING AN EIECTREC CIRCUIT. 



Identifying clroults on the wired panel 



20. Dlsconnoct the wires to the switch and lamp socket and unplug the 
tzansfbzmer. 

21. Check to see that all switches are open. 

22. Reconnect the wires to light D and switch C. 

23. Check to see that Jheostat F has been turned counter 
clockwise as far as It will go. 

24. Using two 18-lnch pieces of wire, connect the texmlmls 
of the tronsfbxmer to the two Bower Supfdy clips in the 
upper left 'jomer of the board. 

25. Plug in the txansfozmer. 
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26 . Push switch S to the upper contact. Observe that 
light B bums. 

27. Tiace the circuit bgr foUoidng the lines 

(solid and dotted ) fioa the left 

texnlnal of the Ibwer Sup{^, to light B, to switch E, 
and back to the Fewer ftipply (right terainal). 

28* Close sidteh E dow* Light B goes out. This part of 
the switch is not a part of the circuit that made 
light B bum. 

29. Push switch E to the u^>er contacts. 

30. Close switch A. Now both lights B and G bum. 

31. Open switch E. Light B does not bum but light G continues to 
bum. Thegr are on s^xate circuits. 

32. lUm Ibeostat F counter clockwise as iUr as it go. 
Observe that as the rheostat knob is turned counter 
clockwise, the light grows dimmer. 

33. Ihm Fheostat F clockwise as fUr as it go. Observe 
that light G becomes as bright as it was in Step 30. 

Also notice that the rheostat, in this case, is unlike 

a switch. It is not used to break the cizouit. It is 
used to reduce the amount of current lloidi^ through 
the circuit tgr setting up resistance. 

3^. Trace the circuit by following the lines (soli d 

and broken _ ^ ^ J from the left terminal of the 

Bower Supply, to switch A, to rheostat F, to light G, 
and back to the Bower Supply (right terminal). 

■mis ILLOSTRiTES THAT A IS A 

BEVICS FOR INCREASING THE ISSISIANCE IN 
AN EIECTRIC CIRCUIT. 
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wi-^ TO T33MINAL TO ERMIN.Uj 

Figure 1# Diagram of Variable 
lesistance Mechanism 
of the !^heostat 



N0T3: Ihe rheostat is a variable resistance mechanism 

•tiiat may be adjusted to allow all the current to 
pass through a circuit or allow varying amounts 
to pass ttirough. See the diagrams above and below. 




Dial of Iheostat 
Set for no Resistance 



V r \ ^ 




Figure 3 

Dial of ^eostat 
Set for Low Resistance 



^nAA/V 




Figui’e 4 

Dial of .Rheostat 
Set for High Resistance 
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Additional aroeriences 



If there is time, you may wish to tiy out the following ciiouit hookups 
on top of the board using the procedure of Steps 7 through 10 • 

35. Hookup No. 1 

a. V6.re ^1 (18-inch) 

From left terainal of transformer 
to right terminal of light B, 

b. VB.re J^2 (12-inch) 

From left terminal of light fi 
to top terminal of siitch C. 

c. Wire (18-inch) 

From bottom terminal of switch C 
to right terminal of the transformer. 



36 . Hookup No. 2 

a. VB.re H (18-inch) 

From left terminal of transformer 
to left terminal of light G. 

b. Wire (18-inch) 

From right terminal of light G 
to top terminal of sidtch C. 

c. Wire ^3 (18-inch) 

From bottom termir of sidtch C 
to right terminal Ox „he transformer. 
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QDESnONS 



lo A conductor for eXectricity made up of one or several stiands is 
called a ■ 

2, The path over ^iiich electricity tiav^s to and from the power 

source is called a > 

3. Ihe device into which a bulb is screwed and current may 'travel is 
ca ll ed a 

A device for stepping up (increasing) or stepping dowi (decreasing) 
the voltage of an alternating current power supply source is a 



5« lb light an electric li^^t bulb, the fixtures and wires must be 
connected to a ___ * 

6, A device for conveniently completing or breaking an electric 
circuit is the . 

7« VSien a switch is named by these initials, S,P,S,T«, it is a 
switch. 

8. When a switch is named by these initials, S.P.D.T., we call it a 



9. Besides opening a switch, another way of a sim{£Le 

circuit is to unscrew the electric li^t bulb. 

10. A device for increasing the resistance in an electric circuit 

is the . 

11. Because the rheostat dial may be adjusted to allow varying amounts 

of current to pass through the circuit, the rheostat is a 
variable . 

12. A common use of a rheostat is in radios to increase or decrease 

the loudness because it can the voltage to the 

speaker. 
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SERIES AND PARAT.TEL CIRCUITS 



Objective 

Tb demonstiate ^hat series and parallel circuits are, and to show 
how they are different. 

Materials 

1. Kit Materials 



NOTE: The materials for this exercise are the same 

as for Exercise 13. 



1 

2 

3 

4 

5 

6 

7 



Quantity 

1 

2 

5 

1 

1 

4 

4 



Description 

Wired Electric Panel 
Transfora er Hookup V0.res 
>428 (GE), 10-12 volt bulbs 
110/10 V Transforaer with extension 
cord attached 
Screwiriver 
18-inch ^/Utos 
12-inch Wires 



Suggestions to the Instructor 

1. Follow the procedure in the STUDENT* S MANUAL, starting at the Step- 
by-Step Procedure section. 

2. The teacher may encourage discussion by making comments and asking 
questions about the common uses of series and parall^ circuits the 
student might know about. 

a. Ask them to give examples of the use of series circuits, such 
as some Christmas tree lights and some types of street lights. 

b. Ask students to give examples of the use of parallel circuits, 
such as lights in the home, some Christmas tree lights, and 
street lights. 
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c. Discuss differences betweai the tw) types of circuits for the 
same type of usage. 

3, As in Exercise 13, it wDuld be wHl to review and emphasize the importance 
of observing safety precautions Wienever one works with electrical 
materials or uses ^ectricity. (See 1EAC5IBR*S MANUAL, Exercise 13, 

Page H3-1, Suggestion 2.) 

4, Have students come up to the front of the room, one or two at a time, 
to trace the flow of current through the circuits being demonstrated by 
following the wires above the board or the lines on the printed overlay. 
The tracing may be done by using a finger or a pointer. 

5, If there is time in the class period, the students may be permitted 
to do the additional experiences in Steps 53-5^, 

6, The following are demonstrated by the procedures of Exercise 14: 

a. Vith a series circuit, the electric current travels over 
a single path. 

b. When electric lights are connected in series, they share 
the voltage, 

c. When electric lights (fixtures) are connected in series, the 
current flows in a single path from one fixture to the next, 
beginning at the power source, through the fixtures, and 
ending at the power source. 

d. l^th parallel circuits, the current travels through tw> (or 
more) paths. 

e. Lights arranged in parallel circuits receive their current 
directly from the power source. 

7, Answers to the blanks in the stated principles of the STUDENT* S MANUAL: 

S14-2 SINGLE 

S14-3 SHARE OR DIVIDE 

S14-3 SINGLE 

S14-5 INDEPENDENTLY 

8, Answers to Questions in the Student*s Exercise: 

1, single 

2. shared 

3. broken or open 

4, parallel 

5. directly or independently 

6, bum or glow or do not go out or are not affected, etc. 
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SHTES AHD PAwaTJigT. GIlCUITS 



Purpose 

This exercise help you understand what series and parallel circuits 
are# It will show how they are different. 

Materials 

1. Kit Materials 



NOIBj The materials for this exercise are the same as 
for Exercise I 3 . 



Item No . 

1 

2 

3 

4 

5 

6 

7 



Quantity 

1 

2 

5 

1 

1 

4 

4 



Description 

\Q.red Electric Panel 
Transformer Hbolcup Wires 
ijf428 (GE), 10-12 volt bulbs 
ilO/lO V Transfoimer with extension 
cord attached 
Screwdriver 
18-inch Vfl.res 
12-inch Vires 



Step- by- Step Procedure 



Setting u£ the board 

1. Place a j^428, 10-12 volt bulb in each of the light sockets (B, D, G 



and unmarked). 



2. See that all switches (A, C, and E) are open. 



3 . Turn the rheostat clockwise as far as it will go. 



Wbrking with series circuits 

4. Disconnect the 'id.res to lights B and D, and switch C, 



NOTE: Whenever you are asked to disconnect wires cn the prewired 

panel, always bend the wire (or wires) out to the side in 
such a way that you can easily reconnect thaa later to the 
same teminal. After completing the exercise, be sure to 
reconnect all wires. 



5. Using two of the 18-inch wires, connect the teiroinals cf the tiansfoimer 
with the tenainals cf light D. Ncte the brightness cf light D* 

6. Plug in the transfcraer and note the brightness cf light D. 

7. Disconnect the wire to the tight side of light D. 

8. Using one of the 12-inch pieces cl wire, connect the right 
teiminal of light D with the left terminal of the unmarked light. 

9. Use an 18-inch piece of wire to connect the right terminal 
of the unmarked light with the top terminal of switch C. 

10. Connect the right transformer terminal wire to the bottom 



11. Close switch C. Notice that both bulbs bum, but not as brightly as 
before. This is because they are now connected in series. 

12. Trace the circuit from one transformer terminal, through the fixtures, 
and back to the other transformer terminal. 



NOTE: This diagram will help you understand this circuit. 



terminal of switch C 



Transformer 




D 



UO V.; 0 10 



I'ii L 



o 10 



— • — — * — 
Light D Unmarked Light 



TKS ILLUSTRATES THAT IN A SERIES CIRCUIT 
THE CURRENT TFAVELS 0^/ER A PATH. 



PATH 



ERIC 
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13* Open switch C« 

14, Disconnect the wire to the top terminal of switch C and connect it to 
the right terminal of light B, 

15, Using a 12-inch wire, connect the left terminal of light B to the top 
terminal of switch C, 

16, Close sidtch C. Notice that the three bulbs in this series bum less 
brightly than the bulbs in the series of two lights. 



NOTE: This diagram will help you understand this circuit. 

Switch C light B 



— 1 








110 Vi| 


0 10 T. 





. rv*- 



Transformer 



Light 



iraS ILLUSTRATES THAT ViHEN BlfiCTRIC LIGHTS AFE 
CONNECTED IN SERIES, THEY THE VOLTAGE. 



17 •• Unscrew light D, Observe that all lights go out. 

18, Tighten light D and unscrew the unmarked light. Observe that 
again all lights go out. 

19. Tighten the urmaiked light. 

THIS ILLUSTRAIES THAT VMI ELECTREC LIGHTS ARE CONNECTED 

IN SBKEES, THE CURRENT FLOWS IN A PATH FROM ONE 

FIXTURE TO THE NEXT, BEGINNING AT ONE TERMINAL OF THE 
POWER SOURCE, THROUGH THE nXTUFES, AND ENDING AT THE 
01HER TERMINAL OF THE FOICR SOURCE. 



20. Unplug the transformer. 

21. Disconnect all wires on top of the board, except the ends of the two 
18-inch wires connected to the termina].s of the transformer. 

22. Reconnect tiie wires to the terminals of lights B and D, and switch C. 
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23. open svLtch C. 

24. Connect the transformer terminal vires to the Power Sup(^ Clips* 

25* Flag in the transforaer. 

26. Close switch A. Ihrow switch E to the upper connectors. 0bser7e that 
lights B and G bum with equal brightness. You know from Exercise 13 
that lights B and. G are in separate circuits. 

27. Throw switch E dowi. Note that light B goes out. 

28. Close switch C. Observe that both lights B and D bum dimly. 

These two lights are now in series and the two bulbs share the 
voltage. 

29, Trace the circuit (solid and dotted.... lines) from the loft Power 

Supply terminal to light 3, to switch 3 (lower part)* to light D, to 
switch C, and back to the right terminal of the Power Supply* 

30. Open all switches. 

31. Unplug the transformer. 

Working with parallel circuits, 

32. Disconnect the two transformer wires from the Power Supply clips. 

33. Disconnect the wires to lights D and G. 

34. Turn the rheostat clockwise as far as it will go. 

35. Connect the right terminal transformer wire to the left terminal of light D. 

36. Connect the other transformer wire to the right terminal of light D. The 
light bums. 

37. Plug in the transformer and the light will bum. 



NOTE: This diagram will hd.p you understand this circuit. 



110 V. i 



o 10 V. 

1“ 



)Ught D 



Transformer 
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38. Leave the transformer wires oonnected to light D and use one of the 
12-ineh wires to connect the left texminal of light D to the left 
tendnal of the unmarked light. 

39. Use another of the 12-inoh wires to connect the right terminals 
of light 0 to the right terminal of the umarked light. Ihe 
unmarked light bums. 




40. Use another 12-inch vire to connect the left terminal of the 



unmarked light to the left terminal of light G. 

41. Use another 12-inch wire to connect the rl^t terminals of the uimarked 
light and light G. Light G bums. Observe that all three lights bum 
about the same. As another light is added to the circuit, the brightness 
of the other lights is about the same as before. 




THIS ILLUSTHAIES THAT WITH PARALLEL GIBCUITS, 
TS2 CimiENT TRAVELS THHDUCa PA1HS. 
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42. Unscrew the bulb in light D. Notice that the bulbs in the unnax4ced 
light and in light G still bum* 

43* Tighten the bulb in light D and unscrew the bulb in the unmaxked light* 
0beer7e that now lights 0 and G bum* 

44* Tighten the bulb in the unmarked light and unscrew the bulb in light G* 
Now the bulbs in light D and the unmaxked light bum* 

THIS ILLUSTHATES THAT VBBN UGHTS ARE 
ARRANGED IN PARALLEL CIRCUITS, EACH LIGHT 
lECEIVBS ITS CURRENT OF OTHER LIGHTS, 

DIRECTLT FROM THE POVGR SOURCE* 

45* Check to see that all switches are open* 

46* Unplug the transformer* 

47. Remove the four 12-inch wires from the board* 

48* Reconnect the panel wires to the terminals of lights D and G* 

49* Connect the two transformer wires to the two Power Supjly clips* 
50* Plug in the transformer* 

51* First close switch A, then throw s^tch 3 up* Observe that lights B 
and G bum with about the same brightness when th^ are on sepaiatd/ 
or at the same time* 

5^* Trace the circuits on the marked overlay* Notice ttiat the dectric 
current goes directly to each of these lights from the Power Supply* 

Inis is anotiner example of parallel circuits* 

Additional gxoeilences 

If there is time, you may wish to try out the folloidng series and parallel 

circuits using the eight pieces of wire. 

53» Sexles circuit hookups* (See section Vfo iking with Series Circuits *) 
a* Arrange lights B and G, and the ^anmarked light in series 
be Arrange lights D. B and G in series. 
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5^* Parallel circuit hookups* (See section Vbricing with Circuits *) 

a. Arrange the untaarked light » light G, and light B in 
parallel circuits. 

b. Arrange lights D, B and G in parallel circuits. 

55* Other hookups 3 tou might like to txy of your om choice. 



NOTE): Be certain in any hookup that the current must go 

from the transformer to a light and lack to the 
transformer again. 



QOESnONS 

1. The electric current travels over a path in a series circuit. 

2. VIhen electric lighos are connected in series, the vcltage is . 

3. In a series circuit, if any fixture fails to work, the circuit is 

and no part of the circuit functions. 

4. \Q.th circuits, the current trav^s through two (or more) 

paths. 

5. lights in parallel circuits receive their current the 

power source. 

6. Vihen one light in a parallel circuit is disconnected or bums out, 

the other lights . 
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THICS-mi SWITCIffiS 



Qblective 

lb danonstiate how two single pole, double throw switches can be 
used to control a light from two different positions. 

Materials, 

1. Kit Materials 



NOTE: The materials for this exercise are the same as 

for Exercise 14. 



Description 

Vfi.red Electric Panel 
Transformer Hookup Vires 
1^28 (GE), 10-12 volt bulbs 
110/10 V Transformer lith extension 
cord attached 
Screwdriver 
18-inch Vires 
12-inch Vires 



Sn jypr estions to the Instructor 

1. Follow the procedure in the STOIKNT’S MANUAL, starting at the Step- 
ty-Step Procedure section. 

2. anphasise that switches D and A are operating as a S.P.O.T. switch, 
the same as switch S. 

3. Switches A and C are never closed or open at the same time. Whan 
one is closed, the other must be open. 

4. aiphasire the precautions for handling eleotrioity at aU times. 
(Exercise 13i Section 2.) 



Item No. 

1 

2 

3 

4 



5 

6 

7 



Quantity 

1 

2 

5 

1 



1 

4 

4 



ttavQ S'tudon'ts como up to tho deroonstr&tion unit and travol t-ho 
flow of electricity through the switches when they* are open and 
closed, 

6, Discuss the uses of this type of circuit: top and bottom of 

stairways, ends of halls, inside and outside garages, etc, 

7, This exercise demonstrates the use of tvD S,r,D,T, switches to 
control a light from two different points, 

8, Answer to blank in the stated principles in the Student *3 Exercise: 

S3.5-3 SIN5LS P0I£. DOUBLE THROW 

9* Answers to Questions: 

1 . 






2, Transformer 

3, Hallways, stairways, garages 

10, This is a drawing of the original connection of wires on the circuit 
board. Check this against your board to see that all wires are 
reconnected to their original positions, (Drawing on Page T15-3.) 
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THIgB4ttr SWITCHBS 



Puipose 

To learn bow a three-wy ewLtoh operates. 

Materials 

1. Kit Materials 



NOTES The materials for this exercise are the same 
as for Exercise 14. 



Item No . Quantity Desciiption 



1 

2 

3 

4 

5 

6 

7 



1 VZLred Electric Panel 

2 Transformer Hookup Vires 

5 ifteS (GS), 10-12 volt bulbs 

1 110/10 V Transformer with extension 

cord attached 
1 Screwdriver 

4 18-inch Vires 

4 12-inch Vires 



Step-ty-Step Procedure 



1. Disconnect all wires to switches A-C-E and light socket 0. 



2. Connect 18-inch wire from left terminal of the transformer to the left 
terminal of lamp socket D. 



3* Connect 18-inch wire from right terminal of transformer to the left 
terminal of switch A. 



4. Connect a 12-inoh wire from the left connector of switch A to the 
upper terminal of switch C. 

5* Connect a 12-inch wire from the lower connector of switch C to the 
upper terminal of switch E. 
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6* Conneot a 12*lnch lare fxom tha oanter of svLtoh S to the ri^t temlnal 
of socket D« 

7. Connect a 12-inoh wire from the left of smLtoh A to the lower tenoinal 
of switch &• 

8. Qo back and check all wLzlng to this point before plugging in the 
transformer. The drawing below is a pictorial view of this circuit. 
Your wires should be connected the same ^7. 




N0T5: In this exercise switches A and C are operating as a 
S.P.D.T. The same as switch S. VJhen switch C is 
open, switch A must be closed, ind ^en switch A 
is open, switch C must be closed. 



9. This is the schematic drawing of this circuit. 




You can see from the above drawing that by connecting points A and B and 
points 0 and F, that the light will bum. If either of the switches is 
connected to the other point (CORE!), the circuit is broken and the light 
will go out* 
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10* Close switch A and moire switch S to the lower position* 



The light will bum. 

11. Move switch S to the upper position and the light will go off 



12* Close switch C and open switch A. The light will bum again* 



THIS ILLUSTflATES THAT A UGHT CAN BS 
CONTBQLUED FBDM TWO DIFFEBBNT POSITIONS 

BT USING TWD 

SWITCHES. 

13. Unplug the transfonaer and remove all the added wires* 

14 , > Replace the original wires to their proper positon. 



QUESTIONS 

1. Complete the following diagxam. Indicate which switches are closed* 



3* A circuit uring two S.P.D.T. switches could be used to control lights 





2. The dzawing below represents a 




in 
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Laboratory Training Exercise 
TE/IGHER*S MANUAL 
Exercise 16 



Ihe George Vfeishington University 
Education Research Project 
1966 



ALTEBNATING AND DIBECT CUBBENT 



Objective 

To. develop an understanding of the difference between alt etna ting 
and dir^t current. 



Materials 

It an No, 

1 

2 

3 

4 

5 

6 



Quantity 


DescrLotion 


Source 


1 


Transformer 


Slectficity 


5 feet 


VBLre 


Electricity 


1 


Compass 


Magnetism 


1 


1/2” diameter Dowd 


Friction 


1 


Battery, 6 volt 


Electronics 


1 


'Earphones 


Electronics 



Suggestions to the Instructor 

1 , Bbllow the procedure in the STU 1 WT*S MANUAL starting with the Step- 
by*Step Procedure section, 

2, This is an optional exercise that may be performed as the time permits, 

3, Student discussion is encouraged at all times and between all steps 
of the procedure, 

4, Ihe students should all be encouraged to come and see the deflection 
of the compass needle and to listen to the dick and buzz in the 
earphones at the appropriate points in the exercise, 

5 , Alternating current-may be defined as a current of regularly reversing 
polarity and regularly fluctuating voltage. 
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6« Direct current is a constant movement of elections from the negative 
to the positive pole* 

7* Ihe usual current in the United States is 60 cycles per second* 

8* Answers to the statements in the STUDENT'S MANUALS 



9* Answers to the Questions in the STUDENT'S MANUAL: 
1* Alternating 
2 * 60 

3* diaphram 
4* alternates 
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Laboratory Titiining Sxeroise 
STUDENT'S mmL 
Sxercise 16 



Tha George li^shington UnlTercity 
Sduoation Raseaxch Piojaet 
1966 



ALTSmngG AND DIBg OT CORIERTS 



Purpose 

To danonstiate the difference between alteinating and direct currents* 



Materials 

Itafijfo. 

1 

2 

3 

4 

5 

6 



Quantity 



Description 



Spare e 



1 Tiansfoimer 

5 feet va.re 
1 Coi&pass 

1 1 / 2 " diaceter Dowel 

1 flattery, 6 volt 

1 ^rphones 



SLectricity 

EHectilcity 

Magnetism 

Friction 

HLeetronics 

Electronics 



Step»by»Step Procedure 

1* Remove about one inch of the insulation from the ends of the wire by 
making a si'all circular cut and pul. Ing off the insulation* 

2* Form a coil of about 15 turns by apping the ^ire around the dowel 
rod* Start making the coil about 12 inches from the end of the wire 
and leave 12 inches at the other end* 

3» Connect one end of the %d.re to the positiv’e (+) terminal of the battery* 

4* Arrange the coll and the compass so the needle of the compass is at 
light angles to the center line of the coil* See illustration* 
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5* Tbuoh the other end of the coll wire to the negatlTe («) tertnlnal 
of the battery and hold it there about one-half second* 



HOTBt Do not bold the idre on. the battery tenclnal any 
longer than one-half second or it uLU miin the 
battery. 



OBSERVE mT THE NEBDIE OF THE OSSBkSS 
IMMEDUTELT POINTS TOmBD THE OOIL* 

1HIS SB0W3 TBkT lOtJ HIVE CISITED A 

FISLD» 

6. Vfi.thout changing anything else reverse the connection to the battery 
and carefully observe the action of the compass needle. 

BUS SHOWS THAT TOO HAVE 

THE MA(»iETIC FIELD. 

?• Now repeat the same axpeilment but connect the wires to the transfomer* 
Be sure the transforoer is plugged in* This time the needle rdll not 
move because i^e alternating pulses of AC at 60 cycles per second do 
not give the compass needle time to change direction. 

8. To prove tiiat there are alternating pulses from positive (+) 
to negetive (-) and back again here is another experiment* 

9. Place the compass on top of the transformer. The needle 
may point in any direction. 

10. Plug in ttiQ transformer and observe if there is any 
deflection. 

11. Remove the transformer plug and cbservii any change in the deflection of 
the needle. 

12. Insert and remove the transformer plug several times and observe the 
deTleotion of the needle each time Wien the plug is removed. 
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THE NESDI£ 0? THE OOKPISS WELL FlEQEfSNTL? 

POINT A DIi>EBHS»T mmaHOS EACH TIME BBGAUS 
THE IRON com OF THE TFANSFORCSR STAINS A SMALL 
AMDONT OF MA(RlSnai IH THE DIBEC7ICKI OF THE 
CORISNT FLOW AT THE MOMl^T THE FLOG IS POUfD. 



13* Tb further show the difference between AC and DC gst the eai^shones 
fToa the electronics kit* 

14. Attach one earj^ne plug to the positive {+) of the batteiy 

and touch the other plug to the negative (-) teriainal. 



THE CLICK THAT IS HEARD INDECATBS THAT 
CCRRENT IS FLOWENG IN ONE nilSCTEON (XSilS 
IN THE £I£CTBOMA(a}ET OF THE EARPHONES. 



The drawing below shows that an earphone is nothing wore than an 
electromagnet with a flat, thin, steel plate over the pole piece. 
As the magnet is energized bsr electric current the plate moves and 
creates a movement of air that is detected by your ears as a sound. 



15 . Disconnect the earphones from the batteiy and attadi the earphone 
plugs to the tenainals of the tiansfoimer. Plug in the tiansfomer 
and a tuzzing sound mil be heard. 



THIS lEMONSTRATES THAT THE CCRFENT IS CHANGING 





Pole Piece 



Coil 



FROM 



TO NEGATIVE AND BACK AGAIN MIKING 



THE DIAIHHAM OF THE EARPHONE VIBRATE. 
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QOESHONS 



■ current is most oonmonly used 

in house wiring. 

Alternating current changes its polairity or 
direction of flow times per second. 

A loud click is heard in the earphones when 
the 7 are attached to the battery because the 
-- is attracted to the pole piece. 

A buzzing sound is heard in the earphones ^en 
they are attached to the trairsformer because 
th6.diaphram moves back aivi forth ilien the 
current • 
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Laboratoi/ TrairdTig Sxercise 
mCHER<S MNUAL 
Sbcerclso 17 



The George Washington University 
Education Research Project 

1966 



S331PLE AUDIO AMPLIFIER AND RADIO 



Objective 

To daoaonstrate how to make a simple audio am{^fier and then convert 
it to a radio. 



Materials 

Item tto. Label No. 



1 


2 


2 


3 


3 


7 


4 


9 


5 


10 


5 


U 


7 


12 


3 


13 


9 




10 




U 




12 




13 




14 





Quantity Description 



1 Dual Gang Capacitor 

1 IN 34 Diode 

1 Battery, 6 volts 

1 Double loop Antenna Coil 

1 2N404 Transistor 

1 220,000 ohm Resistor 

1 22,000 ohm Resistor 

1 .02 Microfarad Capacitor 

1 Crystal Micro^one 

1 Head Set or Earphones 

16 Jiffy cups 

1 Pegboard (6 2 / 3 " x 11 l/4") 

with holes I/ 2 " apart 
1 Wiring Diagram idth holes 

10 feet va.re, Antenna 



Suggestions to the Ins tractor 



1. Follow the procedure in the STUDENT* S MANUAL, starting at the Step-*by- 
Step Procedure section. 



2. After a part has been plugged in, it is difficult to follow the heavy 
black lines connecting the parts on the diagram. Therefore, the pro- 
cedure suggests using the second wiring diagram ^thout holes when 
connecting the parts, 

3 . It is easy to make an improper connection because of the many Unes on 
the wiring diagram, Shfrtiasize the importance of chocking for an improper 
connection or a connection that has become disconnected. The procedure 
suggests that someone besides the person making the original connections 
check the board after all jiffy clips have bean put in (^ce. 



4. The higher up one ie In a building the better the reception usaall 7 « 

There are other factors that nay affect the quality of reception also. 

The farther the receiver is from the radio station the poorer the 
reception. The longer the antenna is, the better the reception usually. 

5. The procedure suggests that the battery be connected last. There are 

tu> good reasons for doing this: (a) If there is a loud click in the 

headset ^en the second battery terainal is connected to the receiver» 
there is a greater assurance that all connections have been made, and 
(b) It is good procedure to connect to the power supply last. 

6. If conditions are good these simple receivers will pick up signals quite 
well; however, if you or 3 rour students are unable to recognize speaking or 
music and are able only to tune in static and other unidentifiable noises, 
consider your efforts and those of 3 rour students as successful. 

7. Encourage questions, comments and class discussion during the demon- 
stration. You may discover that the students know quite a great deal 
more about this subject than you expected. 

8. Ask students to list the uses made of radio receivers such as, in the 
home, automobiles, boats, trains and aircraft, etc. The military uses 
radio receivers to receive code and voice transmission. Snail portable 
receivers are used in the form of walkie-talkies. 

9. Although the materials used in this exercise are in no danger of becoming 
damaged easily because of the low voltege of the power used, the following 
precautions for handling electronic materials should be stressed during 
the demonstration: 

a. Parts should be accurately identified and placed on the wiring diagram 
and connected properly or problems may be encountered such as; 

(1) the set will malfunction or not work at all. 

(2) the component part improperly connected may be damaged 
or destroyed. 

(3) one component part improperly placed or connected may 
damage or destroy other parts in the system. 

b. All electric connections should be carefully cleaned before 
connecting the parts when constructing circuits. 
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c. Whenever the instructor or student becomes confused ^lle 
constructing the set, he should completely disassemble all 
equipment and start over. 

d. Care must be taken to connect batteries properly. 

e. Some components are so sensitive that the presence of the human 
body acts as a capacitor and idd.1 alter the reception of the circuit. 

10. You and the students may find the schematic diagram helpful in under- 
standing the relationship among parts and in understanding how the 
amplifier and receiver works. The functions of the simple radio 
tuner are to receive broadcast signals, select these signals into 
certain wave lengths and specific signals, and the amplifier is to 
increase the strength of these signals so that they can be heard 
through a headset or speaker. 

a. The variable capacitor (tuner) (part § 2 ) selects single trans- 
mitted signals from a radio transmitter broadcasting in the 
local area. 

b. The capacitor (part ^13) controls and modifies the signal 
transmitted to the transistor. 

c. The transistor (part HO) increases the signal before it goes 
to the resistor. 

d. The resistor (parts Hi and H2) controls and decreases the power 
of the current going to the headset. It also eliminates 
irregularity in the power flow to the headset. 

0. The headset (unlabeled) changes the broadcast signal into sound 
waves which can be heard by the human ear. 

11. Answers to the Questions in the ST0DEINT*S MANUAL: 

1. transistor 

2. microphone 

3. electricity or power 

4. earphones or headset 

5. tuner 

6. voltage 
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Labontorr Training Nereis a 
STUDENT’S MANUAL 
Exercise 17 



The George Vfaishington UrdversitT 
Education Research Project 
1966 



SIMPm AUDIO A MPLIFIER ^ RADIO 



PurtX)se 

Hiis exercise show you how to make a simple audio a m pl i fier 
and then convert it to a simple radio. 



Materials 



Item To. 


label No. 


Quantity 


Description 


1 


2 


1 


Dual Gang Capacitor 


2 


3 


1 


IN34 Diode 


3 


7 


1 


Eattezy, 6 volts 


4 


9 


1 


Double Loop Antenna Coil 


5 


10 


1 


2N404 Transistor 


6 


11 


1 


220,000 ohm Resistor 


7 


12 


1 


22,000 ohm Resistor 


3 


13 


1 


•02 Microfarad Capacitor 


9 




1 


Crystal Microphone 


10 




1 


Head Set or Earphones 


U 




16 


Jiffy dips 


12 




1 


Pegboaid (6 2/3» x U l/4") 
wLth holes l/a" apart 


13 




1 


VBLring Diagram with holes 


14 




10 feet 


VG.re, Antenna 



Step-by-Step Procedure 



1. Place the wiring diagram of the radio receiver with holes in it on 
the pegboard so that the holes laatch the holes in the pegboard. 



2. Arrange parts R3 (capacitor), HO (transistor), H2 (resistor), 
and Hi (resistor), on the overlay by matching the label number on 
the part with the corresponding representation of the part on the 
diagram and plug into place in the pegboard. 



f 
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NOTBt Take oare in orienting parts so that the teminals 
oorrespond with those on the diagram* The straight 
line on the capacitor, drawing indicates the 
positive terminal of the capacitor* 



Making an audio amplifier 



3* Connect the capacitor negative terminal to the base or input of the 
transistor (point M to H)* This brings the signal to the transistor 
to be amplified* 



NOTE: VIben connecting jiffy clips, always be sure tliey 
contact the terminals firmly and do not touch 
clips attached to other parts* 



4* Connect the input of the transistor (point H) to the resistors 
(points Q and S}* These resistors reduce the amount of current to 
the transistor* 

5* Connect the enmitter of the transistor (point G) 
to the 22,000 ohm resistor (point P)* 

6* Attach jiffy clips to the two terminals at the end of the 
cord of the ear^ones* The earphones convert electrical 
signals to sound you can hear* 

7* Connect one terminal to tl^e 220,000 ohm resistor (point R)» 

8* Connect the other terminal of the eari^ones to the collector of the 
transistor (point J). 

9* Attach jiffy clips to the terminals at the end of the microphone cord* 
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ROTBi The tezninals of the microphone are separated by a 
black Insulation about l/l6” wide* Be certain the 
jiffy clips do not touch each other and contact only 
the separate terminals. 

10* Attach the clip at the end microphone teniinal to the capacitor 
(point N). 

11* Attach the other clip to n^ative battery tenninal or point R. 



CHECK LIST fL: Use the following check list to be sure 

that 3 Tour connections are made properly* 



Point 


to 


Point 


Check 


H 




H 




H 




Q 




H 




S 




0 




P 




Earphone 




R 




Earphone 




J 




Microphone 




N 




1 Microphone 




R 





12, Have someone else also check over your connections for 3 fou* 

13* Connect the negative (-) side of the battery to the 220,000 
ohm resistor (point R) by inserting the wire from the battery 
into the hole in the top of the battery. 

14. Connect the positive (+) side of the battery to the 22,000 
ohm resistor (point 0), 



15* Gently tap the mlcro^^ne and listen In the earphones* ton 
should hear the tapping olearly* Have someone talk into 
the microphone and see If you can understand the^* 



NOIEt If the amplifier does not seen to vork Immediately* dis- 
connect the battery and check over all ycur connections* 



16. After trying the amplifier and assuring yourself that It 
u>rks, disconnect the microphone from points K and N and 
the battery from points P and R. 

Addx ig a radio tuner to the amplifier 

17, Place parts #2 (dual gang capacitor), ^3 (Jicde), 99 (doubls loop 
antenna coll), on the pegboard by matching them to the holes and 
the representation of the part* 

18* Compare Figures 1 and 2 on Page SL7-7, 

Detector and tuning section ( Figures and 2) 

19* Notice the antenna coll and the dual gang capacitor are connected In 
parallel, Ihese parts select the slgn^JL from the air* 

20* Using jiffy clips, connect these parts In parallel by foUo^ng 
the wiring diagram (points A to F, C to S, B to D), 

21* Connect the one gang of the capacitor to the diode, 

(points E to K)* Ihe diode detects the radio signal* 

22, Connect the diode to the capacitor (^joints L to N), This 
capacitor will only aHow radio signal to pass* 

23* Connect your antenna to the antenna coil (point A). This can be done by 
doubling the wire over and pushing down the hole In the tenoinal* 



NOIK: Ihe longer your antenna is, the better the reception will 

be* You might try attaching your antenna to a window screen 
or a television antenna. Do not allow the antenna wire to 
touch the ground* 
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CHECK U-ST #2: Use the following check list to be sure 

that your connections are made properly. 



Pbint 


to 


Point 


Check 


A 




F 




C 




E 




B 




D 




E 




K 




L 




N 




Antenna 




A 





24, Have someone else check over your connections for you, 

25, Connect the negative (-) side of the battery to the 220,000 ohm resistor 
(point R) by pushing it in the hole in the top of the terminal, 

26, Connect the positiv*^ ('C ) side of the battery to the 22,000 ohm resistor 
(point P) by pushing it in the hole in the top of the toiminal, 

27, Slotiy tune the variable capacitor to see how many 
stations are being received, 

2d, Disconnect the battery when the set is not in use. 



NOIE: Reception conditions vary considerably. Distance 

from the station^ power of the station, and height 
above ground affect the signal, flouresc^t lights 
and other types of interference may cause static in 
the radio. 
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gPESTIONS 

1. Iho ampliflOT the signal. 

2, Ihe converts sound laves into 

d.ectrical power. 

3# Ihe battery furnishes to the set. 

4. The change electrical power into 

sound waves. 

5* The section detects and separates the 

zadio signal being received. 

6. The resistors limit . 
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Laboratory Training Exercise 
IEACHSR»5 MANUAL 
Sxercisd 18 



Ihe George Vfeshington University 
Education Research Project 
1966 



SIMPIE RADIO TRANaHTTBR 



Objective 

lb demonstrate how to make ? simple radio transmitter* 



Materials 



NOIS: There are no component changes in this kit. 



Item No . Label No. Quantity 



DescirlDtion 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 



1 365 Micro Microfared Vaiiablo Caoscitor 

1 Oscillator Coil 

1 250 Microfarad Capacitor 

1 2N1086A Transistor 

1 2.2 Miliheniy R.F. Choke 

1 56»000 ohm Resistor 

1 Ehttery, 6 volts 

1 47 Micro Microfared Capacitor 

1 18,000 ohm Resistor 

1 1,000 Microfared Capacitor 

1 100 Microfarad 6;TOC 

1 Carbon Microphone 

1 ARI 53 Transformer 

1 Battery Holder 

1 Battery, Flashlight, 1 I /2 volts 

21 Jiffy CUps 

1 Pegboard (6 2/3" x U 1/4" with 

holes 1 / 2 " apart) 

1 V6^ring Diagram with holes 



NOTE: This exercise will require a piece of wire for an 

antenna and a radio receiver not provided in the original 
materials. A piece of wire from Exercise 12 may be used. 
A longer antenna can be made by splicing several pieces 
of ^re together. Shall radios are in such common use 
today that it should not be difficult to find one among 
the students or in the school. 
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Suggsstions to the Instructor 

!• Follow the procedure in the SIUDZNT^S MANUAL, starting at the Step- 
by-Step Piocedure section* 

2* Again, as with Ebcercise 17t the p>wOedure of this exercise suggests 
using the second wiring diagram idthout holes and with connecting parts 
indicated ^ion connecting the parts with jifiy clips* 

3* Also, this exercise recommends that someone besides the person wiring 
the board check to see that all connections have been made according 
to the wiring diagram to ensure that the conneotionp have been made 
properly* 

4* Encourage the students to ask questions, make comments and participate 
in class discussion duiing the demonstration* Some students may wish 
to teOLl of eocperlences they may have had seeing or using ladio 
transmitt 35^ and receivers* 

5* Precautions for handling electronic materials should bo &nphasized 
in this exercise as in Exercise 17* See 'EEAC^R’S MANUAL, Exercise 
17, Page H7-3t Suggestion 10* 

6* It might be well to tell the students during the demonstiatlon that 
all types of radio transmitters send a known signal on a certain wave- 
length at a specific signal strength for certain times* All trans- 
mission stations have to meet Federal Communications Commission 
requirements about the strength of transmitted signals, and the wave- 
length used* However, a transmitter of veiy limited range like this 
one does not have to be licensed if used in a school program* 

7* Ask students to list the uses made of radio transmitters, such as, 
portable transmitters used as walkie-talkies, telephones in cars, 
telephones in airt^anes, and radio telephones on boats and ships, etc* 

8* Tae schematic diagram may prove helpful in giving the student a better 
understanding of the relationship among parts and in understanding 
how the transmitter works* 



o 
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a. The microphone (part R2) produces the signal Wiich goes 
through the set and is transmitted, 

b. The resistors (parts and #9) control and limit the 
current passing through the set, 

c. Ihe capacitors (parts # 3 , #8, and #10) control and modify 
the signal, 

d. The batteries (part ,#? and an unlabeled flashlight battery) 
and holder (part #14) power the set and the carbon 
microphone, 

e. The transistor (part #4) increases the signal strength, 

f. The coil (part #2) modifies, increases and maintains a 
single transmission signal, 

g. The tuner (part #L) isolates a single signal for transmission 
out through the antenna, 

9# Answers to the questions in the STUDENT'S MANUAL: 

1, antenna 

2. txansistor 

3« radio frequency or signal generator 
4, modulation 
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Labora tory Training Sbceroise The George Vbehlngton University 

STUISMT’S HiNUAL iiiueation ReeeLroh Project 

Sreroise 18 1966 



SDIPLB RADIO TRANSMITEBR 



Purpose 



This exercise will show you how to 
Materials 



!tem No. 


Label No. 


Quantity 


1 


1 


1 


2 


2 


1 


3 


3 


1 


4 


4 


1 


5 


5 


1 


6 


6 


1 


7 


7 


1 


8 


8 


1 


9 


9 


1 


10 


10 


1 


U 


U 


1 


12 


12 


1 


13 


13 


1 


14 


14 


1 


15 


> 


1 


16 




21 


17 




« 

X 


18 
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make a simple radio transmitter* 



Description 

365 Micro Microfarad Variable Capacitor 

Oscillator Coil 

250 Microfared Capacitor 

2N1086il Transistor 

2.2 MUihenry R.F* Choke 

56.000 ohm Resistor 
Sattery, 6 volts 

47 Micro Microfarad Capacitor 

18.000 ohm Resistor 

1.000 Microfared Capacitor 
100 Microfared 6WVDC 
Carbon Microphone 

irO .53 Transformer 
flattery Holder 

Eattery, Flashli^t, 1 I /2 volts 
Jiffy dips 

Pagboard (6 2/3» x U l/4» with 
holes 1/2* apart) 

Wiring Diagram with holes 



MOTBt This exercise will require a piece of wire for an 

antenna and a radio receiver not provided in the original 
materials^ A piece of wire from Zeroise 12 may be used. 
A longer antenna can be made by s(Gloing several pieces 
of wire together* Snail radios are in such common use 
today that it should not be difficult to find one among, 
the students or in the school* 



o 
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SteD« by «Step Prooedure 

1. Placd thd vlzlng diagras ^th holes in it on the pegboard so that 
the holes match the holes in the pinboard, 

2« Arrange the parts on the overlay by matching the label number on the 
part with the corresponding representation of the part on the diagzam 
and plug into place in the pegboard. 

3« Take care in orienting parts so that the terndnalL jorrespond vLth 
those on the diagram (parts E, #4, E3 and E4). 

4, Place the 1 l/2 volt flashlight battery (part E5) into 
the holder (part <E4). The battery snaps into the holder 
easily but take care to snap it in so that the positive M 
and negative (-} ends of the battery match the positive 
and negative ends of the holder. 

5. Compare the wiring diagram on page S18<^ with the schematic 
, diagram on page S18-9. Notice the numbers on the parts and 

compare them with the placement of parts on the wi^ng 
diagram, live schematic in<Ecates which parts are idred 
together >hile the wiring diagram shows the placement of 
the actual wires. The points A, B, C, etc. are indicated on 
the wiring- diagram. Remove this page from the manual and keep 
it in front of you. 

The radio freouenov signal generator 

6. Starting with the variable capacitor (E) connect a Jiffy clip to the 
top on the oscillator coil (12), point A to point B. 



NOTS: VIhen connecting Jiffy clips always be certain they 
fasten snugly and they do not touch other clips 
that are not connected to the same terminal. 



7. From the end of the oscillator coil (point C), conirect a Jiffy clip 
to point D on the capacitor #3 (point D). 
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8. Connact the other texndnal of the osoillator coll (point 
S) to the variable capacitor (point F)« Ihls completee 
the section of the transmitter that generates the radio 
signal. 

Radio frequency ampiLifier section 

9« From the oscillator coll (point S), connect to the capacitor 
^ (point G). This capacitor only allots radio frequency 
sigK.^l.s to pass thxough to the transistor. 

10. Connect the other terminal of the capacitor (point !i) to 
the input or base of the ticnsistor ^ (point K). 



NOTE: If you are folloidng the lines for the wires on the 
drawing under the parts, 3 rou idll see that this Is 
not exactly ac shown; but tracing the wires you will 
see it Is simply a short way of Turing these parts. 

11. Connect the emmitter of the transistor (point J) to the resistor |9 
(point N). 

12. From the resistor (point N), connect to the capacitor RO (point 0). 

13. Connect the capacitor (point 0) to the capacitor #11 (point P). 

14. Connect the resistor ^ to the capacitor #10 (points 3 to R). 

15. Connect the capacitor #10 (point R) to the transfoxmer 
#13 (point X). 

16. Connect the capacitor #11 (point Q) to the tiansfoxmer il^3 
(point X). These ^^rts (#9« #10, #11), are used to limit 
and modify the current to the transistor. 



NOTE: Ihere are three terminals on one side of the tiansfomer 

and two terminals on the other side. Ihe side with three 
terminals must be away from the edge of the pegboard and 
parallel to capacitor #11. 



17« From the base or input of the transistor (point K) 
connect to the resistor 1^6 (point T)« 

18. Connect the collector of the transistor (point L) to the RF 
choke ,f5 (point U). This choke prevents radio frequency 
current from floidng back to the battery. 

19. Connect the resistor 1^6 to the RF choke (points V to W). 

20. Connect the collector of the transistor (point L) to the capacitor 
(point M). This completes the amplification of the radio signal. 

Ihe modulation section 

21. Connect the transformer #13 (point Z) to the battery 
holder (point BB). 

22. Connect the other terminal of the transformer (point AA) 

to the microphone. This section of the transmitter changes 
the radio signal that has been generated from a steady 
current to one that varies or modulates as your voice 
or input sound varies. 



NOTE: The carbon microphone has two brass colored rings on 

the back. The wires will have to be held against 
these rings when you are talking into the microphone. 

. - ' 

23. Connect the negative (-) terminal of the battery (point CC) 
to the other connection of the microphone. 

24. A piece of wire is needed for the antenna. This can be 
as short as four inches or as long as 30 feet. 

25. The large 6-volt battery (part #7) does not need to be {d-ugged into 
the pegboard but locat.ed wherever most convenient. 

26. Do not connect the battery until someone has checked your wiring to 
make sure alT connections have been made as shown in the diagram. Use 
the following check list to be sure your connections are correct. 
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27. Connect your ti^maaittar to the poner supply, the 6-volt stox«ge 
battery (part I7). Be sure you know ^ch teininal is negative (-) 
and wiich is positive (+) before oonnecting it. The negative tendnal 
is in the center and the positive texainal is in a comer. 

28. Connect the positive (+) tenainal to part W of the choke, the 
negative (-) teniinal to point K of the capacitor ^0. 

29# on a comaercially produced radio receivor and 

tune to a (jixiet spot between stations. 

30. Tum the knob on the variable capacitor (part .^) until 
you beer a sigxfil over the radio. Tap (with pencil or 
linger) or blow into the nderophone to assist in toning. 
After you have tuned the variable capacitor, try trans- 
mitting a voice tigimd. over the microphone. 



HOTS: If the radio rf«eiver is moved farther amy, it will 
be necessary to re-tune the variable capacitor to 
make the signal stronger. 

H* If there is tine in the class period repeat Steps 29 and 30 
and substitute the radio receiver made in Srercise 17 fop the 
commercially made radio. You may i»t bo able to pick up the signal 
from f e trananittor on this set as the power may bo too weak and 
you have no \ay of increasing it as you could with the volume 
control dial on the other radio. 

32. Dlsconneet the battery when the set is not in use. 
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1. Ihe radiates the signal from the 

transmitter. 

2, The amplifies the signal. 

3. Ihe oscillator coil and the variable capacitor 

make up the section of 

the transmitter. 

4, The microphone and the transformer make up the 

section of the transmitter. 
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